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Evidence showing that some of these mechanisms have a sensory component that can be locally adapted is at odds with another traditional assumption, namely that time is completely divorced from space. Recent evidence suggests that multiple timing mechanisms exist across and within sensory modalities and that they operate in various neural regions. The current review summarizes this evidence and frames it into the broader scope of models for time perception in the visual domain.
Introduction
The identification of neural substrates that are selectively tuned for time is a massive challenge for researchers and, to date, has failed to produce many clear answers. The first and most influential model of timing assumed that the duration of an interval, regardless of the modality of the embedded sensory stimulus, could be measured by a centralized cognitive mechanism (the 'internal clock') if one accessed a periodic brain signal (pacemaker) and integrated the number of pulses between two markers [1] [2] [3] . Within this framework, changes in perceived duration of a fixed-duration stimulus are solely explained in terms of changes in arousal or attention, which would speed up or slow down the clock rate. While fruitful, this model does not predict some basic features of time perception, such as scalar variability (i.e. a linear relationship between judgment uncertainty and interval length [4] ). Also, a clear biological substrate has been elusive. Alternatives include network models, in which the rich interplay of excitation and inhibition in the cortex endows neural networks with the intrinsic capability of being time-evolving systems [5,6 ,7,8] and ramping firing rate models [9] [10] [11] 12 ], which propose that elapsed time is encoded in the increased rate of firing of neurones before an event. According to another model, multiple oscillators tuned to different frequencies create distinct patterns of activity as time elapses [13] [14] [15] . Finally, it has been proposed that the perceived duration of a stimulus might mirror the amount of energy used to encode it, possibly tuned by the natural statistics of temporal information [16] [17] [18] [19] [20] .
In this review, we will focus on visual time processing in the sub-second range often called 'perceptual timing ' [21] , which is of a highly perceptual nature and it is not accessible to cognitive control [22] , rather than supra-second time estimation, which is likely to rely on higher cognitive systems or memory [21] . By reporting results obtained with different paradigms, we aim to address the following questions: (1) Is time processed independently from space? (2) Can adaptation occur specifically for one duration? (3) Do eye-movement planning and execution interfere with time processing? (4) Is attention necessary to monitor multiple timing mechanisms? (5) Does the recent stimulus history affect subsequent interval duration estimates?
Visual time perception models have to account for the observation that the perceived duration of an interval can be altered by various forms of adaptation, by properties of the embedded stimulus itself and by the recent evolution of the temporal environment. All these point to specific temporal modules within the visual modality.
Spatially specific changes in apparent duration follow visual adaptation
The idea that, in our brain, there might be a single universal clock to determine duration at a cognitive level seems to imply that time estimation is divorced from sensory processing. Alternatively, it would reasonable to expect to find modality-specific timing mechanisms with a sensory component that might be spatially localized and adaptable. Distortions in apparent duration were reported after adaptation to visual motion or flicker (see Figure 1a and b): adapting to a 20 Hz flickering or drifting stimulus resulted in an apparent temporal compression of subsecond intervals containing 10 Hz flickering or drifting stimuli presented at the adapted location [23 ] . This compression cannot be attributed to a general change in arousal or attention since both the adapted and the unadapted stimuli would be affected. Adaptation effects
